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FIGURE 7,3-1

The idealized binary (A-B)
isomarphous system: {a) the
composition-temperature
phase diagram with associ-
ated definitions, and

{h} a similar diagram show-
ing the liquidus and solidus
temperatures for a specific
alloy of composition X;.

Equilibrium melting
temperature of © T4
pure component A B

1 bl
SYSTEM

2 :

g |, Bavilioium meling Y 24 7, C—
g : B temperature of
g | pure component & Sagyp SolUlly

_f.-
Lens

{a}

Temperature

PTCO':‘{", = :c—p+4_

W'H‘IJ iRl

leow FoR TWeo pPHASE REGLa/e

Pore A (or B) 82 <

L—C:i_ Fao 4 —2 +d —

T2 Prace s
= T @ brikras 38

No EREZEDoN

Hix AtB —>co> -

T DT i

S e SN A

THERE ™ (S AN INTERVA/ W ﬂ

FOLMWRUCT 2 Ph 4 SES  COBHESTY



MEASvRSMENT puee A T (A= Locok

SCHEME
Ml A SR Cr= W08 = B 2PHASE WTERVAK
[Joo, #c0] &
Cr=30% — 2 PHATE (MTEPVAC
[ Soo, GO:J k
2 PlASE VTSRU4L
Cr = G0 5 [:7—&0/ Soa] K~
2 PreASeE POINY
Par B Cp =lao = T, = 6GCo%




!
‘
;
:
¢
:
!
i

How Hucy Liguid & Socrp

i
i

AND W WHICH  CoMPOSITIoN

NSDE A 2-PHASES RECON whicdh tomendhes o]

s

Your Mix

X Liquid + Solid
L l tie line

Temperature
L
o
=)

. Temperature

Alloy 1 2 3 4
A 0.2 0.4 0.6 0.8 B
X
(a} (b}

FIGURE 7.3-2  Grdphical definitions of the tie line and the lever rule in a two-phase field: (a) the tie line through the state point defined by

temperature 7y and alloy compesition X, and {b} the same tie fine shared by all five alloy compositions at temperature T, e

i 5
H

/ DRAW  HomzouTar.  oe

o (T;.0,) M & T UNE




XoT, =D How My o
Mg & Soloo| @ cowe /\§

= CONSERVATION OF MASY ot B u.

. b&o{,s muuu@ao /"‘*\HA'SS Sotis
wusizww MoXo = HL)G. t-HS’l/
OF

X (Ms ol
..... o
‘é)" + {Xt—

Cobservamony oF  Mo=M 4 ”s = 4= fzr-f“{S’ |

TOTAL Mass
. gLf’é: P ) . 74)( %/Iaé)f\l: -

| 7252(5 rlx=Xo 42’3 ()r ,_,,v) oA

o= _ Mok

Xg X X, ~x,

ey



238 - Part}l  Microstructural Development

X=Xt
FIGURE 7.3-3 e W\*

A schematic illustration of
the lever rule. The tie line

represents a “lever” with

its pivot point located at Laver T L
the alloy compasition X, /F\/'\/ el e

its lift end fixed at Xo ~XL 11::;:(:: ) e
“pesition” X, and its right

end located at X with M Ve Me &

blocks of mass M, and M A "R C >S$L 2

resting on either end.

., RIGHT
- a prvet |

{S = Xo —XL %

; Xe —Xo

ML ot o LEeFr  octpeuts |
L o _ o e
(b pivet " « LEFT pat o

PIVIDE Ry THU



)(B'— O. 4_
,)(‘3':: O~ S

Adly S

Xp= 089

EXAHPLE

e ear———y,
: -0

O. ¢

s

= Aer= Oé- 0.250.4

.ps = 0.81-02 _ poz2s Ho= a9PS oy
O .4 ALl Li@Pup
L
- —e _S
L ez =3 0.6
s = 020 o 25% f.=7SE Mo by
O.q4
= 094-9.2 -So2
L L S 12,__,_0.01‘: -So%
o 3% o¢”  f=so% .
L« > o 5 fes ashoa 0%
Tor ©-5 of {S 4,9
s L
e =, S #L-oss 02_ 925%
?‘7“__ 74.-— 2 5 %
O&m-f ALl LY



— L
L]
S
] .S
T
e - 100% Liquid

1200

1100

1000

900 :

800

700

Temperature (°C)

600

" ‘? %F";Ew ............ W.Wﬂ_,(.wu;:

500

400 |

Temperature (°C)

Alloy T

' "L+%
10601~ T, L 670

Temperature (°C)

0.57
T2 0.68

0.55

0.65

o 0.52 . id )
7 0.63 Soli

Temperature (°C)
g
f
e

1020
L7, 0.48

0.4 0.5 0.6 0.7
XB—"' : N
{b} . .
FIGYRE 7.3—4 Equiliorium solidification of allay 1 {composition 0.6 8} {a) the cooling path and sketches showing
the develupm_ent of the microstructure, and (b) an sxpanded section of part {a) showing the compositions of the : : :
liquicus and solidys boundaries in the range of 1070°C to 1080°C, Co o : -




SOUIDIRCATION

zzﬂ

X(@ |

VETERMINAT (O M, T Tl & weren  Liguis, 900
PR : TJ’"“-‘[ Warted  FoR HEAT Flow ocur

ISOMORRHOUS  SYSTENS @ FoRM S/ Socvnow (& oot 76rP

Co—tiw Fec
Mﬁ "Hg /@JM M(é): Rc wa bory, Grme om‘é;},:-.
o G colin.,
i o reg

'\)UH\/ 1 HAVE LENS ¢ Boio e ol EnTRoPY’
A""‘A Boud E a4 [ u}JE Lad

B B Rouwd Eea T‘@
A-R Bod ZLag = (E}u-ftay /DEAL = /
Pe ls = MN g‘xVEﬁ&y — -




fore = aowt B are A & Vigeww

= XB._;XB+A—V Xp =D~ B

=2 A/\'aéf-uoé Ouc  fougy
lo wy
% Pequened (5 foun [wilh )
= 5(4*)— _ K[ @@M*j lep (g +4+)
* + o~ apca-00) |

/
Xg g Bl AM ~> g # 4t

[ nese  way T Low

PE" s é—‘#yﬁiﬂﬁ—&/&y Zyit o &

CEN1OH



» j _ OFF - STOCHIOHETRY

PHASE S |

§
A s —— ——

Temperature (°C}

Temperature (°C)

1500

1400

1300 :

1200

1100

1083 ;
1000

Atomic percent nickel

COPPER 2k

Soun_soLvrion BT

oW TEHPERARURE (W9

Temperature (°C)

Temperature (°C)

10 2 30 40 50 6 70 8 90

wa Atomic percent silicon
AdAn,,

Silvcoan

MIEKEC-Oxi0E

MAGYES o




DeviaTion FRow I1DEALMTY

¢ IDEAL Epe = % (€an +Erg) WO
P B
o w0 o e qu
Sow o
CUSTé;a{ ~ J =~ ' - G
o CEhiNG E—AB 2(@441'-?33) = (:AB b moT w@&owe

it mears Mot A prefoc A 5 B
2 B jdfes B o A oy oto auct
A

ggob ) . Mﬁc# Al & %o Mu&&_,

J< -
COoGR  A-B Bomes i T calo Poose

o PP

T'Wmf %S ts oﬁaﬁo;{ A oot o
l/fo?,‘;b& e ooliod plecne

o ORDERWS B <5 (Can tEr8) = Cay 4 welomme ”
TENDENGY Movaer CEory toleal
it oy [ET A pefors B G A
L B jpefoy A ko ! Hey want G
Wit

— g2olotad
o o - 7
@ ° ol dF Mk !
¢ o g AB bawd st 1o @%m
Kls 5 T, e » nt [M@W&M) e
Sl Al roleng ¢ 2E”

@
0
®
o

¢ 40



oan G-

Now IDEAL =)
: S (Svlmpy)

QLusterils  Eap> Lo+
TEMMENCE *

WW{ loe d“—ﬁ‘(. So b

/%A?{/Amﬁ ) = &\L &
S \S_%

LENS  DoTS

NoT
°" pxisr !

9



Foe

LovervEMT MECT/ING

ORDERIN G

7/~ =2 Not
PHYS I CAL

RALAN = el

7

Increasing clustering tendency of solid

FIGURE 7.3~
behaviar.

/(./.’a,loﬂA—A R Ap T

CLOSTER|

-

M Freoliccen M«:/azy,
[ﬁc%:gﬁa

v ARE ey
AND Chug? |

LONGRVENT %__m__

MELTIVG
COHPOSITION oF s
[\ Lipuid & sortp aaHAi\;S;;ﬁj; ;EMW___:

>

Increasing clustering tendency of liquid
(increasing heat of mixing of liquid)

T Progressive change in the form of the

—

isomorphous phase diagram as the sofid and liquid phases daviate from ideat



AT%-‘.CONGQ'UGNT MELTIVG PoraT _ _
—THE ALgbv SOLIDIFIES/F{E—“CT‘S LB AT A ST

TerreraTiee  (Th, o)) AND  GMcENTRATION <)
AN Nor v A TENPERATURS NV TERVAL

L3 SR s “apg AVA Wiau Yo L) sagy Loy A W

FIGURE 7.3-8

A Binary phase diagram
showing a congruently
melting alioy of composi-
fion X, Two additional
alloy compositions are
shown.

Temperature

IF Yov u@kuT TO  MAKE AN Alloy  WiicH
RESISTS AT +HiGHER  TEMPERATORE THAL 7rs i~

2 ‘ NG LrkE TRYC
COMST/wem , THAMN 790 NEED SOrr &7

| pLAVES
< ' Gﬂﬂ?—(xl/gs
IF Yoo wawr 10 mMake  Av AUoy  wiey
MELTS AT LoWER TEWPERATURE — THan T HE
CoNSTITY ENTS ,  THAMN  You NEED SONETHING . (1hE THIS
WELI &
Lotberig.
g | CAST



I, CLUSTERWNG (A 4o A veltn iou R)
t@ou, et Low T—WMM m’ o

_> Sout B |

Temperature

Abowr T i

foMPETE :
SOLUBITITY

=
it v
X
a$
1
|

UNDER T

PARTIAL
SOLUE,:LIT*I,,f

Awtt 8 wfméaﬂ
BiA

Temperature

{c) {d}
“ FIGURE 7.4-1 The development of a eutectic reaction by increasing the clustering tendensy in the solid phase:
{a) the diagram for an ideal system, and (b—d) increasing clustering tendency in the solid phase.




"

Temperature

(o ott. .

EuTECcTic  PoluT

Cobaxisli ce of 3 plcse,

S Fo C-P+2
A *oo 4 Recown
. . . 2 =3+ P._%_]’_—':%;_D.,.
1E7.4-2 A binary eutectic phase diagram and the associated terms used to describe regicns of a eutectic system, -~ :

Fe-o
INVARI AT & - wdTelic poudt

3

SOty

FIGURE 7.4-7 AL Ricte

‘Representative microstruc- .

tures of Al-Si alloys.

(a) The white areas are pri- EuUiECTic (A’L"‘ S’)
mary Al dendrites, and the

dark 'flreas are thl? eutectic f\—UrEm C
constituent comprised of

Al + Si. (b} Only the eu- €

tectic constituent is seen,

{e) Primary Si is seen as -

i 1hlocky particles, The dark 6\

¢ | [needles and light areas are '\
| |the eutectic constituent. pP g L
(Caurtesy of Ralph Napoli- H PéEUC_ 57 N
tana) crie. % \\ A

. i ;If 5. .‘\g‘




4.

HetTwe oF AN EUTECT -
é" olowm. et X comee bt mo“‘i&@— G TRy pouddt

Temperature

S
Xy XY

Xg

Xg —— ,
FIGURE 7.4-3 A binary eutectic equilibrivin phase diagram showing the changes in composition of the phases . .
present as the temperature is changed by an amount A7 above and below the eutectic isotherm.,

P @ Lz 4P ey e D AT € Ligus,

R AT & sotg!
EVUTEae  X=X&

Temperature
o

PE
24

A XSIX53 X; XLZ XLGXE X5 B S S A
XB —— 3
FIGURE 7.4-4  Equilibrium solidification of an off-eutectic alloy of composition X, g




Soélblmcﬁrbu - _OF AN -EJTECHIC Alfoy,
BU‘I* OFF _EBotTectic CoMlOSITIop

Ta

Temperature
h.i

A X51X83 ] Ly XL3XE Xé B .
XB —_—
FIGURE 7.4-4  Equitibrium solidification of an off-eutectic alloy of compasition X,. e

b fo |

€T Ll JOLlL)y 4-fck oL, sk

@ TZ 9( z\/g") + L ( )(La) fs, = }—fL:——Ys; and A, = X X, : S
S Y 7 S 7 o .

e - 32’

fse = S0 and S =

€ W Gl fLig e CEE w eEE

Ty r"%@gf(xse) + P (X';e)j 3 Prases

' = T HAS SHE

?e - M% s Hvt:rAﬁe'oosw ) - o N IB' _
S\Aj_, ) e ~ e 'Xi_f:—- o — XO _){ée T S

25 et Xee-xoe  TSET Lo~




Temperature

AT EUTECTIC RONT |, o &1 of § w—a’f T
SIMULTANEOUSLY  owd Uit  MoRPHoLOGY IS  IYREEREAT
PR THE  FRiMARY g oud B! [ITS_ Bscaoss on

” Tﬁ? SPSEp T .
T WAL fpgn. TS ABLED ) (Tey)

Vs
= HauFors helow EUTECHIc Poit/T- PRy sur
W Aoy s oA mfURE o Q4 EurEcric (918)

Note that for any alloy with composition in the range X, < X,
temperature liquid of composition X, . will transform to o an
Xsg, and that the relative amounts of « and B formed from
In fact, this is what makes the eutectic reaction invariant.

UNlEss - _
Supenslow, you olwonys  aodt EUTECTIC (348

— o EXAHPLE

1
< Xgg, at the eutectic

;mposili()n 0.27 B. Calculate the following quantities:

d B of composilions X,z and ~
this Hquid will be constant.

a. The fraction of primary solid that forms under equilibrium cooling at the eutectic fempey.
alure. )
b. The fraction of liquid with the eutectic composition that will transform to two solid
phases below the eutectic isotherm.
¢ The amount of « and B that will form from the liquid just below the cutectic isotherm,
d. The total amount of o phase in the alloy at a temperature just below the cutectic temper.
ature. -
A 27 B
Xp—>
o a. The fraction of primary solid qhat forms under equilibrium cooling at the eutectic tempcr.
ature.
: 5
2 -
- Xy, 37 -27 -
g A . = 0.588 THiS | s PRIMARY
& ' XL—- X, 37-20 _
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d d. The total amount of & phase in the alloy at a temperature just below the eutectic tempey-
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ction. {b) When the solubility of the intermediate phase becomes limited, the line compound AB results.
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L. Butectic reaction at Ty, and Xp: LS o + 8

2. Eutectic reaction at Ty, and Xes LS B+ y
3. Congruent melting at T, and X: LB
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FIGURE 7.5-1 Development of a peritectic system by increasing the clustering tendencies of the solid and liquid —
phases. The clustering tendency for the solid is greatar than that of the liquid.  (Source: Adapted from Albert Prince, — S i A ——
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FIGURE 7.5-2 (a} A binary peritectic phase diagram and the associated tarms used to describe regipps_m‘ a peri-
" ctic system, () & simple peritectic system showing the eguilibrium caoling of an alloy whose composition is the
Peritectic composition X, and {e} the corresponding cocling eurve for alloy Xp.
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FIGURE 7.5-3 4 simple peritectic diagram showing three specific alioy compositions. Refer to Fxample 7.5-1 for a B
discussion of this phase diagram,
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FIGURE 7.6-1 The limiting case of the monotectic reaction oeeurs when there is effectively no mutyal solubility in either thd liquid or e
“solid phase.
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FIGURE 7.7-1 {a) Complex phase diagram contsining a peritestic and two eutectic reactions, and (b} the invariant reactions in {a) emphasized
along with their symbolic representations. When the 3 phase is heated o the peritectic temperature, an incongruent melting reaction occurs at 7,
the peritectic temperaturs.
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FIGURE 7.7-2 A diagram similar to Figure 7.7-1, but the B and y are ssen as line compounds. The o and &
phases are terminal solid solutions with essentially no solubility. Thus, they are simply abeled A and B, corresponding
to the pure components.
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The Al-Ni binary phase
diagram.
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FIGURE 7.8-1

A general eutectoid equi-
fibrium phase diagram with
assaciated definitions.
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FIGURE 7.8-2 The fe-Fe,C systam with the important phase fields defined.

Evtecron @ 227 <

| W S
N = + <;?+ESC)EUTECYDID |

No SoiL8ILIrY
ofF Fe urFe,C

| S€8 1 selubily
OF Con X (P-FO)
>

“q (Ber)

WHYZ

— it

(Wt > 0.022% w £

IN PRACTICAL WoR DS »

WE™ HAVE™ FEARUTE Act o TBLG,



.§.ﬂ -
i
E"
p
NS N o+ p B+y,
600
U N 565°C
1.5 ,\
500
. a+¥,
& a0
. S g a 11.2
g G4 363°C 15.82
(=9
s R (‘LE’ 300 PeD.JT'ECTDID_
0.77 wt. % C steel. The eutectoid constituent, called I T Gy ¥ a3 +%,
pearlite, has a famellar (lavered) morphology consisting of 200
alternating plates of & Fe (light areas) and FesC {dark areas). - -voomomrmim
- T 100
e 9 10 h 12 i3 14 5 16
Al wt % ——=
i e et e e FIGURE 7 - The copper-rich side of the Cu-Al system shows a peritectoid
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reaction in the approximate temperature range of 300-400°C. Symboiically the
_ . rteaction is written o + w = a,.  {Source: Adapted from Albert Prince, Alioy
Phase Equilibria, 1966. Permission granted from Fisevier Science )
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